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Abstract

More than 58,000 fish larvae of 23 taxa were idencified in over 2000
tow-net samples taken from the 5t. Clair and Detroit Rivers in 1377 and 1873,
Rainbow smelt, alewife, gizrzard shad, emerald shiner, yellod parch, carp, and
white bass wers the most abundant species and collectively made up more than
90% of the catch. We identifisd segments of the 5t. Clair-Detroit River
System (SCDRS) as spawning and nursery areas for each of the more abundant
species using analysis of variance (ANOVA] of the densities of yolk sac and
non=yolk sac larvae. ANOVA revealed that lower Lake Huron was a spawning area
for alewife and logparch; that the upper St. Clair River or tributaries
éntering the upper river were spawning areas for rainbow smelt, yellow perch,
and emesrald shiner; that the upper St. Clair River was a nursery arsa for
alewife; that the lower St. Clair River was a spawning area for carp and a
nursery arsa for alewife; that lower Lake St. Clair or the uppear Detroit River
was & Epawning area for carp, a spawning and nursery area for alewife, gizzard
shad, yellow perch, smerald shiner, and white bass, and a nursery area for
rainbow smelt, and logperch; that the lower Detroit River was a spawning area
for carp, & spawning and nursery area for rainbow smelt, gizzard ahad,
logperch, ssarald shiner, and white bass, and a nursery area for alewife and

yvellow perch.

We compared the estimatas of the year-class abundance of larvas obtained
in the 5t. Clair Hiver with estimates of yearling abundance obtained in lower
Lake Huran for both alewife and rainbow smelt. We also compared year clasa
abundance estimates of larvae obtained in the Detroit River with astimates of
fall young-of-the-yoir abundance obtained in the western basin of Lake Erie
for five species. Those comparisons rovealed that populations of rainbow
smelt and alewifs larvae in the 5t. Clair River wers contlnoous with thoase in
Lake Huron and that populations of four of tha five species of larvae in the
Detroit River ware continuous with popylations Lo tha @ei22rq bBaela of Take
Eris. Evidence is presented that year-class strength of several species was
alraady sstablished before the larvas became vulnerable to oollaction in our
tow=-natis



Introduction

Studies conducted at a number of widely separated sites in the Great
Lakes showed that the nearshore waters are spawning and nursery grounds for
many fishes [Boreman 1976). The Great Lakes interconnecting =atervays, as
part of the nearshore waters, have the potential of providing extensive
spawniing and nursery areas for system-wide fish production (Goodyear et al.
1982). Information on fish production in thess interconnecting watervays is
meager, even though fish habitat in the interconnecting waterways is being
threatensd as a result of increased industrial water use. Our research
focused on the 5t. Clair-Detroit River System (SCORS), one of the Great Lakes
interconneacting waterways. The SCDRS was selected for study because it
supports a valuable fishery that is near and vulnerable to the impacts
associated with water use in a large urban area (Detroit metropolitan areal.
Certain evidence also suggested that SCORS is an important spawning and
nursery ground for Fish stocks in Lakes Huron and Erie (Mepsy 1977; Johnston
1977). We determined the distribution and abundance of larval fish in sach af
the major segrents of SCDAS to identify spawning and nursery areas for the
post abundant taxa, We also sought to establish a correlation between year-
class strength as revealed by larval fish abundance in SCORS and year-class
gtrength as indicated by the abundance of older 1ife stages of fish in
adjagent water bodies by comparing catch statistics for larvae in SRS with
those for older life stages in Lakea Huron and Erie.

The Study Area

The SCDRS carries the cutflow of the upper Great Lakas (Huron, Michigan,
and Superior) to Lake ¥rie (Fig. 1}. The SCORS can be divided into five major
segmants: the upper St, Clair River, the lower 5t. Clair River delta, Lake
St. Clair, and the upper and lower Detrait River.

The upper S5t. Clair River is 45 k= long and receives water from Lake
Huron and threes major tributaries (the Black, Pine, and Belle Rivers). The
lowar 5t. Clair Riwer, which begins at the branching of the north and south
channels near Algonac, Michigan, is 18 km long and divides to form a large
delta area consisting of threes main channels (north, middle, and south) and a
nusber of secondary channels that ampty into Lake 5t. Clair. Width of the
river ranges from 1200 = in the upper river to 240 m in the maln channels of
the delta. Mid-channel depths range from 8.5 to I1.5 m. Much of the shoreline
is bulkheaded; consegquently,; underwater river banks are steesp. The water in
the river is homothemous and saturated with oxygen throughout. From April to
August in 1977 and 1978, the mean annual discharge rate of the 5t. Clair Riwer
into Lake St. Clair was 5395 m3/sec (Prank Quinn, pers. comm.] and the mean
channel current ranged from 1 to 4 knots.

take 5t. Clair ham & surface area of about 1114 ka? and a mean depth of
3 m. A navigation channel 29 km long has a statutory depth of 8.2 m and
bisects the lake fram the mouth of the South Channel of thae S5t. Clair River to
the head of the Detrolt Riwer. Thermal stratification doess not ocour in this
ahallow lake and dissolwd oxygen concentrations are near saturation
throughout the year. Major tributaries are the Clinton River on the U.5. side
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Fig. 1. The S5t. Clair-Detroit River System bounded by lower Lake Huron and
western Lake Erie. Transects I-VI were sampled in 1977; transects II,
IV, and V-VIII wers sampled in 1978.



and the Sydenham, Thames, Balle, and Ruscom Rivers on the Canadian side. The
mean discharge of the lake into the Detroit River from April to August in 1977
and 1978 was only slightly higher than the discharge of the S5t. Clair River
into Lake S5t. Clair (Frank Quinn, pers. comm.). Flushing time for the lake ia
5 to 7 days.

The upper Detroit River is 27 ks long and receives water from Lake St.
Clair. On opposite shores of the upper river are the metropolitan areas of
downtown Detroit, Michigan, and Windsor, Ontaric. The lower Detrolt River,
0.5 km long, begins at the head of Fighting Island and separates downatraam
from Fighting Island into three main channels (Trenton, Livingstons, and
Amherstbiargl. Major tributaries are the Rouge and Ecorse Rivars on the U.5.
side. Dissolved oxygen is always at or near saturation in the opper river,
but in summar 15 almsost nil in the Trenton channel, the Western lower river
channel closest to the heavily industrialized area south of Detroit. As in
the St. Clair River, waters in the Detroit River are homothsrmous and most of
the shoraline is bulkhsaded. From April to August in 1377 and 1978, the msan
discharge rate of the Detroit River into Lake Erie was abont 5536 md/sec
(Frank Quinn, pers. comm,;} and the mean channel current ranged from 1.6 knots
in the upper segmant to 1.2 knots in the lower sesment.

Methods and Materials

Fish larvae wers sampled in the 5t. Clair River and the Detroit River
along eight cross-river transects (Fig. 1; Appendix A). Im 19377, sampling was
conducted along transects I and II in the upper St. Clair River, III and IV in
the lower 5t. Clair River delta, and ¥V and VI in the Decroit River. 1In 1378,
sampling was conducted on transects II, IV, V, and VI and two additional
transects--VII and VIII-=in the upper Detroit River. Increased saspling in
the Detrolt River in 1978 was designed to provide & better measure of the
industrial impacts on fish larvae being transported through that portion of
SCORS. At each transect, wea astabllished three stations, ona at mid=-river and
one sdljacent to each shore. The nearshore stations were within 20 to 200 = of
the shore, depending on the width of the river. The one exception to this
pattarn of station location was at transest VI, where shoreline stations wers
omitted and one mid-river station was established in sach of the three main
shipping lanss--the Trenton, Livingstone, and Amherstburg channals.

At sach station, we sampled fish larvas weekly from April to August in
1377 and from May eo Aogust in 1978 using the U. S. Pish and Wildlife Servicas
vessels Daphnia and Sauger. Fish larvae were uullucl:!? with a 50-om eylinder-
on-cone plankton tow net constructed of 155-um Mitex. The net was lashed to
a 50=cm net ring fastened to & square frame [(Appandix B). The towing bridle
was attached to the square frame at foor corners so that the bridle wires were
not directly in front of the net opening when the net wam in tow.

)/ Mention of brand names in this report does not imply endorsesent by the
Us5. Government.



The net was towed from an outboard derrick with G.4-m= cable agalnst tha
current at a speed of about 3 knots (constant cable angle of 67°). A General
Oceanlc Model 2030 digital flowmetar was mounted inside the net to measure the
volume of water passing through the net as it was towed, and a sacond
flowmatar was positioned cutside the net to permit monitoring of net filtering
efficiency. When net filtering efficiency dropped below B5%, tha net was
assumed to be clogged (UNESCD 1968), the sample was discarded, and another
sample was taken with a freahly washed net.

At each station, we recorded the surface water temperature and, whers
water dapth permicced, made a standard series of replicate net tows (three in
1377 and wwo in 1978) at each of three dapths: VT m, | to 4 m, and 5 to B =,
MNets wars fished at 1 m for 1 min in 1977 and for 3 min in 1978. &kt 1 to 4 m,
nets were fished continuously for 3 min in a stepwise manner (1 min each ac 1,
2=1/2, and 4 m); and at 5 to B m, nets were fished continuwously for 3 min in &
stepwise manner (1 min each at 5, §-1/2, and 8 m). There was no closing
device on our nets, but there was little contamination from other than
intentionally sampled depths because deployment and retrieval time for the net
was relatively short; furthermocre, the net was not straining water as it was
payed out during deployment and the configuracion and weight of the frams and
depressor plate effectively collapsed the net during retrieval (Appendix B).
Watar depth was insufficient to make tows at 5 to B m at transect I1II,
stations 1 and 3; transect IV, station 1; and cransect V, stacion 1. WNo
attempt was made to sample at depths yreater than 8.2 m, the statutory depth
of the shipping channels, even though water at some atations exceeded that
depth (Appendix A). During each sampling period, transects were visicved from
the upper end of the system (transect I in 1977, transect II in 1372) to the
lowar end (tranasct VI).

We reduced tha number of serial replicates in 1978 from thras to owo
because of the close agresssnt in larval fish density estimates a=mong the
three serial replicates taken at each sampling location in 1277, We believed
that physical mixing in the restricted and swiftly flowing channels of the
river caused less aggregation of larvae than would be found in lssa-confined,
still-watar areas. Consequently we could place more confidance in each sample
estimate as being representative of the average condicion of larval fimh
distribution and abundance in the river at the times of our sampling.

Each tow net sample was labeled with the date, location, depth, and
replicate nusber, and preserved in 10% formalin. In the laboratory, fTish
larvae were picked from the samples and stored in 30% ethanol and later
identified and measured (total length to the nearest 0.1 ==). We also
recorded tha presence of absence of "yolk" (yolk, oil, or both) in the yolk
nac of esach larva. Eeys and descriptions that we found most useful for
idencification of larvae included Fish (193Z), Helson and Cole (1375), Hogue
et al. [1976), Lippson and Moran (1974), La=m and Roff (1977), Khan and Faber
{1974), Cooper (1978a,b}, and Boreman (1976, 1978).

Wo identified spawning areas in the SCORS by analyzing the distribucion
and abundance of the youngest (mostly recently hatched) larvae in our samples,



and nursery areas by analyzing the distribution and abundance of the older
larvae (ranging from the earliest aexogenous feeding stage to the finfold
abaorption stage).

For each of the eight most abundant species, which together made up over
G908 of the larvae captured, we uvsed the 1977 length fregquancy data and the
presence of yolk in each larva to separate the youngest from the oldest larvae
in both 1977 and 1978. We plotted the length frequency distribution of
rainbow smelt, alewife, gizzard shad, yellow perch, logperch, emerald shiner,
carp, and white bass (Appendix C) and identified for each the 0.3-mm langth
interval in the descending limb of the catch curve in which the numbars of
larvae with yolk and larvae with no yolk were most nearly squal. All larvae
with yolk that were shorter than or equal to this "transition length interval®
were considered "yolk sac larvae®™ (herein after denoted as ¥5 larvae)], our most
workable representation of pnewly hatched larvae, The larpvae without yolk
shorter than the transition length were not considered ¥S larvae and were not
categorized as being among the youngest, most recently hatched larvae;
therefore, they were not used to identify spawning areas. All larvae-=both
those with and those without yolk--that were lopger than the transition length
interval were considersd "non-yolk sac larvae® (herein after denoted as NYS

larvae], our representation of older larvae.

For example, the length freguancy distribution of alewives captured in
1977 ahowed that the 4.4- to 4.6-mm length interval contained 110 yolk bearing
larvae and 145 non-yolk bearing larvae (Flg. C-2 in Appendix C}. HNo other
interval in the descending limb of the catch curve had more nearly equal
nusbars of larvaes in the two groups. We therefore designated 4.4 to 4.6 mm as
the transition leapgth interval for alewives. Thereafter, all alewife larvae
with yolk that were 4.6 mm long or less were considered Y5 larwee and all
larvae 4.7 mm long or longer were considered NYS larvae.

Larvaes longer than the lengths at which fin rays dewvelop in rainbow
smelt, alewife, gizzard shad, yellow perch, logperch, emerald shiner, carp,
and white bass (Table 1) were poorly represented in our catch. We assumed
that theae larvae were mores mobile than shorter larvae and were able to avoid
our nets. We therefore decided to delete from our analysis the few larvas we
caught that were longer than the lengths at which major fin rays were
developed, as reported by Jones et al. (1978), Hardy (1978}, and Cocper (1378)
and summarized in Table 1. We defined the upper length limit of NHYS larvae as
the length of the longest larva in our sample that did not exceed the
literature values. For alewife larvae, the upper length limit of the NYS
category was thus at 11.5 am.

For sach of the eight soat abundant taxa, we used analysis of variance
(ANOVA)} to teast for significant (P = 0.05) differences among the densities of
larvan caught during each of the 17 weekly periods, and at each of the eight
transects, the three stations, and the three depths. We transformed larval
fimh density estimates to natural logarithms (ln (density + 1)/1000 md) ro
more nearly meet the AMOVA assumptions of normality and homogeneity of
variance. We used Duncan's K-ratio t-test to distimguish among the levels of
density found during each period and at sach transect, station, or depth.
When we noted densities of Y5 larvae significantly greater [P < 0.05) than



z2oro/1000 md at specific time periods and transects, ws concluded that the
larvae had hatched upstream from the transect along which they were caught.
By comparing densities of Y8 larvae among transects, we identifisd the
segments of SCORS where spawning had most likely ocowrred. Similarly, whan we
noted densities of NY5S larvae significantly greater than zero/1000 md in
sasples from specific time periods and transects, we concluded that the larwme
were residing in the segment of SCDAS upstream from the transect.

Anocther objective of our work was to determine {for sach species for
which we had sufficient data) whether the relative numerical strengths of the
1977 and 1978 year classes wers the same in Lake Huron, the BCDRS, and the
western basin of Lake Erie. For lower Lake Huron, we calculated the ratio
betwean yaarling abundanoe estimates obtained from the Lake Huron Fisheries
Assessment Unit of the Great Lakes Fishery Laboratory in spring 1978 and
spring 1979 for both smelt and alewivea. For the western basin of Lake Erie,
we calculated the ratio batwean the estimates of young=of-the-yaar [(YOY)
abundance obtained from either the Ontarioc Ministry of Matural Resources or
the Ohio Department of Matural Resources in fall 1977 and fall 1978 for smelt,
alevives, gizzard shad, freshwater drum, white bass, and yellow perch. For
BMAS, wa calculated the ratio betesen the 1977 and 1878 average density of
larvae at transects II and IV in the St. Clair River for smelt and alewives.
He also calculated the ratio betwaen the 1977 and 1978 average density of
larvae at Transects V and VI in the Detroit River for smelt, alewives, gizzard
shad, freshwater drum, white bass, and yellow parch.

Results and Discussion

Bpecies Composition and Abundance

St. Clalr River

A total of 15,894 fish larvaes, representing 21 tawa, wsre ldsntified in
samples taken from the 5t. Clair River from May to Mugust in 1977 and 1978
(Table 2). Alewives and rainbow smelt together composed 63% of the larvae
caught in 1977 and 954 in 1978, Awerage density of larvae of all apecies
combined was about 3.5 times greatar in 1978 than in 1977, mainly dua to A
10=-fold increase in the 1978 catch of rainbow smelt. 1In addition, the
densities of aleviwes, smerald shiners, unidentified darters, sunfishes, lake
whitefish, and freshwater drum increased from 1977 to 1978, while those of
yallow parch, unidentified minnows, white suckers, carp, burbot, gizzard shad,
and trout-perch declined. Densities of logperch, deepwater sculpin, and
johnny darter larwae changed litetle from 1977 to 1978. The same taxa ware
caught in each year with the exceptions that one lake sturgeon was cawght in
1977 (none in 1978), and a few spottail shiners and one brook stickleback were
cavght in 1978 (none in 1977).

Datrolit River
A motal of 42,285 fish larvas, representing 21 taxa, were identified in

samples taken from the Detroit River from May to August in 1977 and 1978
{Table 3}, Rainbow smelt, alowives, and gizzard shad collectively accounted



for 6% of the larvae caoght in 1977 and 78% in 1978. Average density of all
larvae in 1978 wvas almost double that in 1977, primarily due to a E-fald
increase in the 1978 catch of alewives. Densities of rainbow sselt, gizzard
shad, logperch, emserald shiner, trout-perch, spottail shiners, and white
suckers increased from 1977 to 1978, while densities of yollow perch,
unidentified minnows, white bass, carp, unidentified darters, unidentifisd
sunfishes, and walleyes declined. Densities of johnny darters, burbot,
despwater sculpins, freshwater drum, and lake whitefish were low in both
Years. The same taxa were caught in each year with the exception that a few
brook silversides were caught in 1978 [none in 1977).

Spawning and Nursery Areas for the More Abundant Species

Ono-way ANOVAs (Appendiz D) indicated that in 64% of the cases the
dennity of rainbow umelt, alewives, gizzard shad, yellow parch, logpsrch,
emerald shiners, carp, and white bass did not vary significantly with station
(Table 4). Denaities were significantly lower at stacion 1 for Y5 smelt in
1977 and for NYS yellow perch in 1978. Densities were significantly higher at
station 2 (mid-river) for ¥5 logperch in 1977 and for NYS alewives and
logperch in 1978. Densities were significantly lower at station 2 for NYS
gizzard shad and ¥5 white bass in 1977 and for Y5 common carp in 1978,
Densities were significantly higher at station 1 for ¥5 gizzard shad in 1977
and for ¥8 alewives in 1978, The density of larvae varied significantly by
depth (Table 4), primarily because of low densities in 1-m samples. Thers
were no significant differences betwean densities in the 1- to 4=-n and 5= to
B-m samples with thase exceptions: 1) densities of ¥S logperch in both years
and Y5 carp and Y8 emerald shiners in 1978 were significantly higher Ln the 5=
to 8-m sanples; and [(2) densities of WY5 emerald shiners in both ymars and NYS
gizzard shad and alewives in 1978 were significantly lower in the 5= ta B-p

samples,

Essentially, owerall densities did not vary significantly by station and,
with the exception of lower densities in 1-m samples, did not vary signifi-
cantly overall by depth. Isolated significant differences in densities with
respect to station and depth were indeterminate because the differences nearly
always involwd a particular life stage in 1977 or 1978, but not in both
years. As probable exceptions, Y5 logperch were more concantratad at
mid=-river (station 2) toward the bottom (5 to 8 m) in both years. In the
transition to the NYS stage, logperch becane more evenly distribated
vertically but remained at mid-river. It is also probabls that emsrald shiner
and gizzard shad larvas, in the transition from Y5 to MYS, migrated from the
5= to B-m depth to the 1= to 4-m depth (Appendix E).

Densities varied significantly by period and transect for all species and
life stages (Table 4), We constructed a ono-way ANOWA for the pariod-by-
transect interaction for each of the more abundant speciea, and used Duncan's
E-ratio t-test to compare the densities of larvae found at transects during
each sampling period in 1977 and 1978 (Appendix F).
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Rainbos Spelt

We idsntifisd spawning areas for rainbow smelt in tWo segments of SCDRE:
(1] in and upstresm from the upper St. Clair River, and (2) in the lower
Detroit River just above transect VI. Y8 larvae were present in significant
densities (musbers significantly greatar than zero/1000 md) throughout the St.
Clair River from May 9 to June 8, 1977, and from May 24 to June 13, 1978 (Table
5}« Om May 9, 1977, the density of Y5 larvae was lower at stations 1 and I,
transect I, than at station 3 (Appendix E) and the average length of the
larvae at station 3 (Appendiz G) was near to the hatching length [Table 1).
Therefore, we believe that a spawning site was just upstream from transect I,
station 3; in the shallow eabayment of the St. Clair River adjacent to Sarnia,
Ontario (Appendix Al.

In both years there were high concentrations of ¥8 larvae throughout the
8t, Clair River, downstreaam from transect 1 (Table 5). The highest concen-
trations were recorded at transects II, III,; and IV, on May 16-18, 1377, and
at transects II and IV on May 30-31 and May 24=-25, respectiwvely, in 1978. We
balieove that most of these larvae were hatched from eggs laid in Lake Huron
and the upper tributaries of the 5t. Clair River.

In the Detroic River, Y5 larvae first appearsd in significant densities
in both years at transect VI--May 2-4, 1977, and May 15-1&, 1978 (Table 5).
The 5.0-mm average length of larvae captured at those times at transect VI
(Appendix G) indicated that most were newly hatched from eggs that were most
likely depomited in shallow areas arocund the islands immediately upstream from
the Livingstone and Asharstberg channels. Densities of larvae were lower in
the Trenton Channel (Appendix E).

We ldantified Lake S5t. Clair and the Detroit River as nursary areas
({Table &). The influx of NYS larvae from Lake St. Clair into the Detroit
River at transect V in 1978 was considerably larger than the influx in 1977,
an expacted reasulc of increased density of Y5 larwae upstream in the St. Clair
River in 1978. Larvae hatched in Lake Huraon, the upper St. Clair River, and
its tributaries were transported to Lake St. Clair. By the end of Hay, theas
larvae wars in transition from the Y5 to the NYS life stage and a4 portion of
these larvaes were transported down the Detroit River, intermixing with apelt
larvae spawned in the lower Detroit River.

Alawife

wWe identified two major alewife spawning areas: lower Lake Huron and
Lake 5t. Clair and its tributaries, Y¥5 larvae reached pesak abundance in the
St, Clair River on July 25=27, 1277, and July 17-18, 1978. On both dates,
larvaes were ewanly distributed among transects and stations and their small
average length (Appendix G) indicated they were recently hatched. We
concluded that most of the larwae probably hatched in the shallows of lower
Lake Huron.

Few ¥5 larvae appeared in Detroit River samplas in 1977, but in 1978
there was an influx of larwe to the Detroit Riwr at transect V from June 19
to July & (Table 7). On June 19-20, most of the Y5 larvae were being
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transported down the Canadian side {station 1) of the Detroit River (Appendix
E). The average length of these larwe--about 4.5 mm-=-indicated they wers
racently hatched. We concluded that these larvae probably hatched in the
shallows around Peach Island at the head of the Detroit Riwer ar in the
shallows pear the Little River in southwestern Lake St. Clair.

Small secondary populations of larwe that hatched early appeared in the
lower Detrolt River at transect VI (Table 7); larvas from these populations
appeared in significant numbers on June 20-22, 1977, and May 30-31, 1978.

We identified the entire 500RS as a nursery area (Table 8). One popu-
lation of NY5 larwae entered the Detroit River from Lake St. Clair from mid-
June through early July in 1978; an equivalent movement was not evident in
1977. This population of HYS larvae was most abundant on July 5-6 on the
Canadian side of the Detrolt River (Appendix E}, where ¥5 larvae had been
abundant 2 weeks earlier. In both years, another population of NYS larvae was
transported from Lake Huron down through SCDRS to Lake Erie in middle to late
July.

There were, therafore, two distinct populations of larvae in SCDRS: one
originating from spawning in Lake Huron and one from spawning in Lake St,
Clair. During the latter part of our collecting season, NYS larvae from thesas
sources weare widely distriboted in the SCDR5. At any one transect in the
Detroit River, there was a mix of the two populations, as eaxemplified by tha
differences in average length of larvas among stations at transect V during the
pericd of peak abundance on July 5=6, 1978 (Appendix G).

Gizzard Shad

¥e identified multiple spawning locations for gizzard shad in the lower
ECDHS. YB larvae in significant densities werea found exclusively in the
Detroit River in both years from late May to early July (Table 9). 1In 1977,
most of the larvae were on the Canadian side (station 3} of the river
(Appendix E). Two populations of Y5 larvae entered the Detroit River from
Lake Bt. Clair at transect ¥, station 3: one with peak abundance on June &-B8
(Appendix E) composed of larvae averaging about 6 mm in length (Appendix G);
and the other with peak abundance on June 20-22 (Appendix E) composed of
larvae averaging about 4.5 mm in length (Appendix G). The larvae collected on
Juna 6-8 most likely hatched farther from transect ¥V, station 3, than did the
snaller larvas collected on Juns 20-22. This interpretation is based on the
assumption that the closer the average length was to the hatching length, the
nearsr was the hatching location to the point of capture.

The origin of another populaticn of larvae was most liksly the lower
Detrolt River just upstream from transect VI, station 3 (Appendix E). Average
length of larvae in that popolation was about 3.5 mm on June ¥13=15 (Appendix
G}, indicating that the larvae were recently hatched nearby.

The pattern of the appearance of multiple populations of Y5 gizzard shad
in the Detroit River in 1978 vas similar to that in 1977 (Table 3). -In 1978,
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however, larvae were not as restricted to station 3 but were distributed sors
evwmnly among all stations (Appendix E). Density of ¥3 larvae was higheost at
transect VIII on June 19-20, dus primarily to increassd dansity on the U.5
side (station 1) of the river (Appendix E), directly downstreas from the mouth
af the Rouge River. This increase in density was most likely the result of an
influx of larvae from spawning areas in the Rouge River. Theres wmg also an
incroase of larvae on the Canadian side of the lower Detroit River an

June 27-28, 1978,

We identified lower Lake 5t. Clair and the Detroit River as nursery areas
for gizzard shad larvas., The distribuotion of NYS larvae in both ysars was the
sams as that of ¥5 larvae and was restricted to the Detrolt River (Table 10).
However,; NYS larvae in 1977 were not restricted to the Canadian side of the
river as were the ¥5 larvae (Appendix E).

Yallow Parch

We identified two ssgaents of SCORSE in which spawning of yellow perch
took place: the upper St. Clair River and Lake St. Clair. In 1977, ¥5 larvae
ware found in significant densities during a 3-week period in both rivers
(Table 11)}. Y5 larvae were present in the 5t. Clair Riwer from May 31 to June
15 and peaked in abundance on June &-8; thaey were evenly distributed among
stations (Appendix E). This pattern suggests dispersed origins of these
larvae, soma in the upper tributaries of the Et. Clair River, and some
peesibly in Lake Huron. In the Detroit River, ¥5 larvae were present from May
< to May 18, peaked in abundance on May 9-11, and were most abundant at the
head of the river primarily on the Canadian side (Appendix E}--indicating that
a population of larvae most likely originated from the south shore of Lake 3t,
Clair, perhaps as far away as the Balle River, mtario.

In 1278, ¥5 larvae of yellow perch were found in significant dansities
only in the Detroit River, and only from May 15 to May 25 (Table 11). Larvas
wara noet confined to one side of the river, as they were in 1977. The
greatast average densities continued te be at the head of the riwer,
suggesting that there were multiple populations coming primarily from Lake St.
Clair (Appandix El.

Wa identified Lake 5t. Clair and the Detroit River as the primary nursery

areas for yellow perch. NYS larvae showed about the same distribution
patterns as those of ¥5 larvae in both years (Table 12) except that in 1977
NY5 larvae were prasent longer along Detroit River transscts than wers the Y5

larvaa.

Logpe rch

We identifised lower Lake Huron and the lower Detroit Riwr as spawning
areas for logperch. 'Two separate sources of Y5 logperch were evident in both
1977 and 1978 (Table 13)}: one population appsared in the St. Clair River on
May 31-June 2, 1977, and June 12-13, 1978, and the other population appeared
in the lower Detroit River on May 9-11, 1977, and May 24-25, 1978.
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Distribution of MYS larvae in 1977 and 1978 (Table 14) indicated that the
population in the Detrolt River was largest from May 11 to July 2T in 1977 and
from June 12 to June 28 in 1978. These larvae ware past likely from the same
population that appeared am ¥5 larvae in the S:t. Clair River sarlier. We
therefore concluded that a population of larvae from lowsr Lake Huron was
transportad to Lake S5t. Clair, where the fish made the transition from Y5 to
BYS larvae. From Lake 5t. Clair, a portion of the population was transported
down the Detroit River to Lake Erie. This populatian, which originated in
lower Lake Huron, contributed most of the HYS logperch larvas we caught in
5CORS Ln both years. Smaller groups of HYS larvae were also pressnt in the
&t. Clair River on May 31=June 8, 1977, and June 12-13, 1978, and earlier in
the lowsr Detroit River on May 16-17, 1977, and May 24-25, 197&.

Emerald Shiner

Wo identified the tributaries of the upper St. Clair River (or the
shallow areas of the upper river itsself), Lake St, Clair, and the Detroit
River as spawning areas of the emerald shiner. In 1977, scattered Y5 larvae
appeared throughout thes Detroit River at transects V and VI on June 6-8 and in
the St. Clair River at transect II on July 2%-27. In 1977, the dansi ty of ¥3
larvae was highest in the upper Detrolt River on June 13-15, and scomewhat
lowar in the lower Detroit River on July 18-27 (Table 15}, In 1978, ¥5 larvae
appearad in the same three aroas but at slightly different timss: at transect
11 on July I=-Auguat 1, throughout the Detroit River at transects V=VIIT on
July 5-6, and in the lower Detroit River on July 31-August 1.

In 1977, only a few NY5 larvas wers caught, suggesting that few emerald
shiners remained in the areas where we sanpled (Table 16). NYS larvae in 1978
wera found throughout the Detroit River primarily during the July 5-6 and July
24-25 sampling periods. Prasence of MYS larvas in the river in 1978 indicated
that nursery areas for the spscies were in lowsr Lake St. Clair and the
Datroit River.

Carp

¥We identified the St. Clair River delta, lower Lake 5t. Clair, and the
lowar Detrolt River as spawning araad for carp on the basis of the
distribution of ¥5 larwme in 1977 and 1978, copbined. In 1977, ¥5 larvae were
in the St. Clair River delta at transects III and IV but were mpost abundant
and persistent in the lower Detroit River at transect VI (Table 17). In 1978,
Y5 larvae ware confined to the Detrolt River and were most abundant on
July 10-11 on the Canadian side of the river (Appendix E), WNYE larwae ware
not present in the catch in significant densiti{en in either year. Thay wera
aithar present in the area and able to avoid the gear or had migrated from the
areas where we sampled,
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White Bass

white bass ¥5 larvae were caught exclosively on the lower Detroit River
(Table 18), primarily in the Trenton and Amherstberg channels (Appendix E),
suggesting the presence of two populations that originated just upstream from
transect VI, stations 1 and 2. Distribution of WNYS larvae in 1977 (Tabla 13)
also indicated the presence of another population on the Canadian side of the
Detroit River (Appendix E) on June 6-8. These larvae probably originatad in
Lake St. Clair; thos Lake S5t. Clalr and the Detroit Riwver are probably nursecy
Ar¢as.

Mstribution of Other Species

No AMOVAs were performed on the densities of the remaining species and no
distinction was made betwean Y5 and NYS larvae because of their relatively low
densities ar becagse taxa identified were undoubtedly a mix of species with
varied distributions: Larvae of trout-perch and johnny darters were consis-
tently collacted in low densities (3-35/1000 m3) in the upper Detroit River
{Appendix E). Because both species prodoce only small numbers of eggs (30-350
eggs) at a single spawning (Scott and Crosssan 1971), and each larva produced
reprosents a substantial parental investment, we believe these catches
indicate that lowsr Lake 5t. Clair or the shallow arsas around the islands in
the upper Detroit River are important spawning areas,.

A few walleye larvae (4-30/1000 m?) were taken throughout the Detrodit
River in both years (Appendix E). We were surprised that we did not capture
more walleye larvae bocause there are major spawning areas for walleye in Lake
St. Clair and its tributaries (Johnaton 1977). Perhaps most walleye larvae
did not disperse from Lake 5t. Clair and its tributaries into our sampling
arsas until they had grown to a sike that rendered thsm invalnerable to
capture by our gear.

White sucker larvae occurred in higher densities (4-89/1000 m3] in the
Bt, Clair Riwver than in the Detroit River (4-11/1000 m3) in both years
(Appendix B}, 1In a given pericd, densities were similar at all transects in
the St, Clair River, and we concluded that these larvae probably came from
lowar Lake Huron or the head of the 5t. Clair River upstream of transect I.
The relative scarcity of larvae in the Detroit Riwer suggested that there were
no major spawning areas for white suckers in lower Lake St. Clair or the
Deatroit River.

Spottail shiner larvae were caught only in the Detroit River in 1977
{Appendix E)., Peak density was at transect VI in the Trenton and Livingstone
channsls on July 18-20, suggesting that shallow areas around Grosse Isle
provided spawvning substrate for these fish. Sampling in 1978 confirmed this
conclusion (transect VI, May 30-31). There were only a few larvae in St.
Clair River samples in 1976, late in the season, which indicated litele
spawning activity in the northern part of SCORS. The presence of larvae in
the upper Detroit River from June 12 to August 8, 1978, indicated that
spottail shiners probably also spawned in areas above transect V in the
petroit River and lower Lake 5t. Clair.



Frestwater drum larvae cccurred sporadically and in low densities in
1977, but in 1978 wers found throughout the Canadian side of tha Datroit River
on July 5-6 (Appendix E}. This distribution suggests the presence of a
spawning population in lower Lake S5t, Clair.

Burbot larvae were present throughout the system early in the season in
both collection years. We suspect that these larwae originated from apawning
Ppopulations in lower Lake Huron.

In 1977, the first larvae caught in our samples wero deapwater sculpins,
which appeared throughout SCORE. They were most abundant in early May of both
years [Appendix Ej. W%e believe that these larvae were a small remnant from
populations that spawned in Lake Huron.

There ware high densities of minnow larvae (Appendix E) which we could
not separate taxonomically below the family level. In 1977, most of thesas
larvae originated from Lake Huron en June 6-8 and the upper tributaries of the
St. Clair River on July 18-20 and August B-10. In 1978, most originated to
the north of station 1, transect VII, probably from the shallow arsas arcund
Balle Isle or from Connor's Crask.

One lake sturgeon, 12 mm long, was caught on Juna 6, 1978, at station 1,
transect I, in the 5- to B-m tow. To our knowledgs, this is the only such
recent record of capture of lake sturgeon larvae in the Great Lakes (ses
Harkness and Dymond 1961, page 25).

Larvae of brock silwrsides, lake whitefish, unidentified sunfishes and
darteras occurred sporadically and in low densities in each year [Appendix Ej.
We beliewe that their low abundance in our catches indicates that they staysd
in the shallow, weedy spawning areas near shore, whers they were invulnerable
to capture by our gear. An exception is the lake whitefish. We believe that
its low densities represented the true relative abundance of the larvae
throughout the atody area, and indicated that there were no nearby spavning
locations,

Year-Class Strength of Fish in 1977 and 1978 in SCORS and Surrounding Waters

Ve compared fish larvas densities in SCORS with cateh per unit of effort
(CPE) for yearlings of two species from lower Lake Huron and CPE for YOY of
8ix speclies from the western basin of Lake Erie (Table 20). The ratic botwesn
the dansity of smelt larvae in 1977 and 1978 in the S5t. Clair River was
remarkably similar to that betwesn the 1978 and 1979 CPE for yearling smele in
lower Lake Huron. A similar relation also existed between alevife larvae in
the 5t. Clair River and alewife yearlings in lowsr Lake Huron. The
correspondence between these ratios suggest that Bt. Clair River populations
of smalt and alewife wers continuous with those in lower Lake Muron,

Likewise, the ratic betwsen the density of smelt larvae with yolk
{dafined for this analysis as all larwae with yolk, oil, or both] in 1977 and
1978 in the Detroit River was similar to the ratio botween 1377 and 1978 CPE
for ¥YOY smelt in the westsrn basin of Lake BErie. A wimilar relation also
exiftod botweon donsity of larvae of alewives, gizzard shad, and freshwater
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drus in the Detroit River and density of YOY alewives, gizzard shad, and
freshwater drum in westarn Lake Erie. The correspondence between these ratios
suggested that Detroit River populations of these species were continuous with
those in the western basin of Lake Erie,

The factors that detemined year-class strength of these fish in 1977 and
1978, presumably, operated before the time at which larwee becase vulnerable
to our nets. Otherwise ons would not have expected such close correspondence
batween the year-class strength of Bt. Clair River larvae and lower Lake Huron
yoarlings, or betwsen the yesar-class strength of larvae in the Detroit River
and that of YOY in western Lake Erie,.

The density ratio between yellow perch larvae with yolk in the Detroit
River in 1977 and 1978 did not correspond closely with the CPE ratio for YOY of
this spacies in the fall in the western basin of Lake Erle; white bass larvae
with yolk demonstrated a similar non-correspondence. Thera wWwas agreaement,
however, between the ratio for white bass larvae without yolk in the Detroit
River and the ratio for fall ¥YOY white bass in the western basin. Thus, for
white bass, it appears that factors affecting year-class strength may have
operated in the transition from endogencus to exogenous feesding.

The non-correspondance of the ratio of yellow parch larvae in the Detroit
River with the CPE ratio of juvenile yellow perch in the westearn basin of Laks
Erie could be explained as follows: possibly our sanples of yellow perch
larvaes in 1977 and 1978 were not representative of the true population because
of the short residence time of larvae in the Detroit River. TIf thess samples
were represantative of larvae howeayer, either (1) factors affecting year-class
abundance in yellos perch were diffarent in the SCORS and western Lake Erie or
(2) factors affecting year-class abundance in yellow perch continued operating
beyond the larval stage.

Annual fluctuation of populations of rainbow smelt and alewives in the 5t.
Clair and Detroit Rivers did not correlate, probably as a conseguence of the
enviromantal discontiniity imposed betwesn the tws rivers by shallow Lake St,
Clair. For example, average surface water temperature was higher in the
Datrolt River than in the St. Clair River (Plg. 2). The earliar rise in
tamparatura in the Detroit River might explain why larwme of smpelt and alewives
appearad sarlier there than in the St. Clair River; critical spawning and
hatching temparatures were very probably reached earlier in the Detroit River
and wera lndependent of wvater temparatures in Lake Huron and the 5t. Clair

River.

This study desonstrated the potential for using estimates of fish larvas
abundance to determine ysar-class strength. Specifically, our estimates of
fish larvae abundance in the 5t. Clair and Decrolt rivers provided as accurate
an asscssment of year-class strength for some species in lower Lake Huron and
the westearn basin of Lake Erie as did estimates of abundance of latar life
stages. In addition, assessmant of year-class strength can be made soconmr by
using estimates of fish larvae abundance than by wsing estimates of abundance
of latar life stages. We believe that the traditional means of sanpling fish
populations for the detemmination of year-class stresyth odaght to b= augmented
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with a regqular schedule of larval fish smmpling to further examine the relation
batwsan larval, YOY, and yearling abundance. Inclusion of the assesspant of
larval fish abundance in the sampling required for Lakes Huron and Erie might
insure a more accurate and timely estimation of the year—class strength of
forage stocks.
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Fig. 2. Average surface water temperature {(“c) measured in the Detroit River
at transects ¥ and VI in 1977 and at transects V=VIII in 1978, and
peasured in the 5t. Clair River at transects I-IV in 1977 and at transects
1T and IV in 1978,



Table 1. Lengths of the Y5 and NY5 categories of larvae in the present study, and wvalues
from other sources for lengths at hatching, at yolk=-sac absorption, and at
development of majer fin rays®'.

Present atudy Length (mm] from other mrc\la_’i”
Ys HYS At time of
larvael’ larvaad’ At hatching At yolk sac major fin

Spacies length length absorption ray dave-

{=m}) (=m) lopment
Rainbow smelt 2.8=-T.0 T:1=14.5 5.5 (avgs) Bad [avg.) 14.0-17.0
Alewife 1.6-4.86 &.7=11.5 2.5-5.0 5.1 [avg.) 11.9
Gizzard shad 1:b=4 .6 4:7=13.6 3:25 (avg.) 6.5 [avg.) 10:8=17:5
Yellow perch 3.T=6.7 6.8-12.1 4.7=6.6 07 lavg.) 12.0=16.0
Logparch 2.5-6.1 6.2-13.3 4.5 [avg.) 5.9-6.4 14.2
Emerald shiner 2.5=5.3 5.3=-12.1 WO HD HD
Carp 4.6=T.3 T.4=13.0 3.0-5.7 T.0=3.5 1484
White bass 1:3-5.2 5.3=-10.5 NOD WD WD

8/gee Appendix C for detailed inforsation.
bJones et al. 1978; Hardy 1978; Cooper 1978; WD = no data.
& Estimated from data of Jones et al. 1978,



Tabla I. OSpacian sonpomition, aveisps deasalty (estisated pusber/ 1000 27) and cowatlv
abundence (parcent of total dennlty for all specien) of Fish larwie collestsd with
tow nets (swe Tahle 3) in the 5t, Clair Biver, May-Maigust V977 amd 1978, (Tatmlar
valuos are based on a tomal catch of 15,604 larvaa in 1977 and 1970.)

Emecies o ““-I-;;T‘““““"h“ 1UTH
Avarage  Halitive Avorage Helative

Conmon_name Sciantific nams density dance dunuj:'l_:]- It

Aliwel B Aloza daharengns 41.74 15.2 101,61 8.9

Rainbow smelt Osmarus sordax 40,20 341 406,11 756

Lagparch Perzina “Eudll; 1676 5.0 1.1'.41 3.2

Tallow pereh Paraa flavencends Sedii Aol 0.7 2

inidentitind mlonoms Cyprinidas 39y 3.3 0.4%9 £0.1

Whits suchar Catosbtomil comsmersonl .o 2.5 140 0.3

carp Cyprinus carpio 1.37 1.2 9. 29 0.1

Eszrald shiner Hotropls atherinoidoes 1.09 0.9 5.8 10

Bur bt Lota lota .70 0.6 0.35 0.1

aiszard shad Doroscas copsdianam 067 Outi Dudd <01

Dnepeatar soiloin Myowonaphalus thompanal 0,56 0.6 IS TS

Trout-pareh Percopuia palsconaycon 0.51 0.4 0.4 L{=1)

inidentifiod dartem Parcidan 0.26 0.2 1.78 0.3

Jolinny darter Etheontana nlgruy 0,19 0.2 .20 €01

tnidantified sunfishes Centrarchidas 0.05 L1 0.11 £0,.1

HWhite bass Marane chrysops 0.05 401 007 4Dt

Laka @turgeon Acipermar fulvmscena 0.3 0.7 - —

Lake mit-ﬂlhr Coregunul clujmarorain .03 0.1 006 €%

Frestwater drua Apledinotus grannians .03 041 0,07 <01

Spottall shiner Batropls histeonius = == g. €0t

Brodk stickleback Sulaea Lnconstans - - 0.07 £

M7 537.4

Total avevage Jdonafty
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Table 3. Species composition, average density [estimated number/1000 m3) and relative
abundance (percent of total density for all species) of fish larvae collected with
tow nets in the Detroit River, May-August 1977 and 1978. (Tabular values are bar 1
on a total catch of 42,285 larvae in 1977=T8.)

Species 1977 1878 I
Average PRelative Average Relative

Common nama Sciontific name dengity abundance density abundance
Rainbos smelt Osmerus mordax 132.01 33.6 204.07 9.9
Gizzard shad Dorosoma oepedlianum T1.74 18.2 90.40 13.3
¥ollow parch Parca flavescens 51.72 13.2 26.24 3.9
AMlewvife Alosa peeudoharengus 40.12 10.2 240.M 35.2
Unidentified minnows Cyprinidae 29.11 7.4 11.38 1.7
Logparch Percina caprodes 26435 6.7 35.09 5.1
Emarald shiner Hotropis atherinoides 18.16 4.6 57.87 B
White bass Morane chrysocps 9.24 2.4 3.49 0.5
Carp Cyrinus carpioc 770 2.0 4.15 0.6
Unidentified dartars Percidae 1.57 Oud 1.01 0.1
Unidentified sunfishes Centrarchidae 0.93 a.2 0.20 0.1
Johnny darter Etheostoma nigrum 0.82 0.2 .81 €0.1
Trout=-parch Parcopais cailscomaycus 0.8 .2 1.01% <041
Wallaye Gtizostedion vitreum 0:77 0.2 0.20 £0.1
Bpottall ahiner Kotropis hudsonius 0.71 0.2 3.15 0.4
Burbot Lota lota 0.48 0.1 0.31 <0.1
Deepwatar sculpin Myoxocephalus thompaoni 0.46 0.1 .63 0.1
White sucker Catostomus commersoni 0.39 0.1 0.68 0.1
Freshwater drum Aplodinotus grunniens 0.21 €0.1 0.32 0.1
Lake whitafish Corsgonus clupsaformis 0.02 €01 0.07 0.1
Brook silverside labidesthes sicculus e - 0.27 €01

Total average denslity 3193.3 6B81.4
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Table 4. Summary of the ANOVA regults (reported in Appendix D) for periocd, transect,
station, and depth, for the elght most abundant species of larvae collected

in 1977 and 1278.8/

Factor

Species and

stage Feriod Transect Station Dapth

1977 1978 1977 1978 1977 1978 1977 1978

Rainbow smelt

¥s B ] B B ] NS -] =3

HYS s B 5 5 KE N8 5 8
Alewife

Y5 5 B 5 5 RS -] 5 NE

HYS 5 ] B ] NS & & -]
Gizzard shad

¥s 8 5 5 -1 s RS 5 NE

RYS s 5 5 5 5 NS HE 5
Yallow perch

s 5 8 5 -] RS N5 ] -

HYS 5 - 5 5 HE s 8 5
Lagperch

¥EB B -] B & 3 N3 - 8

HYS 5 ] &8 5 NS -] -3 s
Emwrald shiner

Y8 B ] 5 5 NS ] B 8

RYS -] 8 5 -] HS NE ] 8
Carp

his] 5 5 5 - KS B M5 B
White bass

s g 8 5 ] -] KS HS NS

8/ 8 = pignificant and KE = not significant at F = 0.05 lovel
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Table 20. The relative abundance of larvas in the St. Clair-Detroit River system |SCORS) im

EpEring=-sumaer 1977778, cospared with the relative abundance of yoarlings off Harbor
Baach, scothern Laks Huron, in spring 1978/73 and the relative abuondance of young-of-
the=year Ln the western basin of Lake Erie in fall 1977/78.

Awrags no. of larwe/1000 m)

of water atrainedd’ Catch par wnit affortdf
Year class 197778 Year clasa 1577 /78
Epecien 1977 1978 ratio 1977 1978 ratio
Et. Clalr River Harbor Beach, Lake Buron
Smelt B5. 79 532.67 212 a0 124.5 .14
Alavi fa 86,17 100,62 0.68 B.3 12.9 0.64
Dosrale Mﬂﬁf‘ Wastarn Bamin, Laks Erie
Ben 1t 116,99 264,50 .45 534 1358 0. 3%
Alewife 1.81 47.24 0.04 54 1584 0.03
Gizzard shad 35,04 77.88 0.45% 5049 11512 O.44
Freshuater drum 0.41 Q.62 0. &6 50 a6 .58
White bass
with yolk .59 613 1456 3548 114 2. 70
without yolk 173 .64 2.70
Yellow parch .88 26,08 0.9 T4 113 6,56
5/ the average density of larvas in the SCDRS was calcolated using the sstimates from only

Bf

L/

thoss transects and sappling poriods comsmon to both years (tranescts II and IV for the

St. Clair River, and transscts V apd VI for the Detrolt River Eor the 13 saspling
periods common to 1977 and 1978).

The catch par unit of affort (CPE) for yearlings at Harbor Deach, Laks Huron La
expresyed as the swrage misbar of fish caught in elght T10-minute tows with a Yankae
standard trawl [J9-fsot head ropel. The CPE for fall young-of-the-ysar catches in the
wvosters basin of Lake Erie is expressed as the musber of fish caught per travwling hour.
The Lake Huron data are from Ray Argyle, Great Lakes Fishery laboratory. Oata from the
western bazin of Lake Erie were supplied by Stewsn Mepuzy, Ontaric Ministry of Matoral
Rescureces, for ssolt apd fresheater drum and by Carl Baker; Ohioc Departcsant of Matural
Resouroes, for alewvives, gizzard shad, white bams, and yellow perch.

Average densitien of larvae on the Detrolt River wore calculated by uslng [with the noted
exception) only larwe with yolk, to ssparate the losal production of larvas in the
Detroit River and lower Lake G%t. Clair from larvas without yolk from upstreas sources
upper Lake 5t, Clair, and Lake Huron. For aselt, alewives; and glezard shad, the
aditition of older larvae fro= upstress sources wWas considerable, whereas for the other
species, all larvae were more likely produced locally.
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Flg. A=1., Transect I was located at Port Huron at the head of the St.
Clair-Detroit River System just above the mouth of the Black River.
Station 1 was on the U.5. side of the river adjacent to the Port Huron
Sawage Treatment PFlant about 100 m offshore; station 2 was in mid-chamnel
immediately adjacent to the mid-channel marker, about 400 m from either
shore; and station 3 was on the Canadian side abour 150 m offshore.
Water depth at all stations wvas 8.2 m.
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Fig. A-2. Transect II was located about 36 km downstream of transect I,

near the head of Chenal Ecarte. Station 1 was on the U.5. side of the

river adjacent to the Willow Point Light, aboot 50 m offshore; station 2
was in mid=channel, about 350 m from elther shore; station 3 was located
on the Canadian side, about 150 m offshore. Water depth at all stations

was B.2 m.
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Fig. A=3. Transect 11I was locatod about 15 ks downstream of transect I1
in the St. Clair Qut-off Cnannel, at Lights 7 and B. Station 1 was about
25 m of f the north shore; station 2 was in mid-channel about 200 m from
either shore; and station 3 was located about 25 m of f the socuth shore.

Water depth at stations 1, 2, and 3, respectively, was 4.5, 8.2, and
4.5 m.



Fig. h=4. Transect IV wag located about 15 km downstream of transect IT
at the mouth of the Horth Channel. Station 1 was about 25 m off the
north shore; station 2 was in mid-channel about 125 m from either shore;
and station 3 was about 15 m of f the scuth shore. Water depth at
stations 1, 2, and 3, respectively, was 4.5, 14.0, and 18.0 =.



Figs

A=5:. Transect ¥V was located at the head of the Detroit Riwver between
Balle Isle and Peach Island. BStatlon 1 was on the U.B8. side of the
river, about 150 m offshore; station 2 was in the middle of the shipping
channel about 125 km from the U.5. shore and about 400 m from the
Canadian shore; and station 3 was on the Canadian side about 200 m
offahore. Water depth at stations 1, 2, and 3, respectively, was 5.0,
B.2, and 10.0 =m.

Transect VII was located about 6 km downstream of transect V. Station 1
was on the U.8. side of the river, aboot 100 m offshore; station wae in.
the main-shipping—ehanmel-abous—H000-aoffehere; station 2 was in the
main shipping channel about 1000 m from either shore; and station 3 was

on the Canadian side about 150 m offshore, just downstream of the ship
docking crib at the Hiram Walker and Sons Ltd. Distillery. Warer depth at
stations 1, 2, and 3, respectively, was 8.0, 9.0, and 9.0 m.



Figs A=6. Transect VIIL was located about 12 km downstream of transect
VII and 1.7 km downstream of the mouth of the Rouge River Short Cut Canal.
Btation 1 was on the U.S5. side of the riwer, about 100 m offshore; station
2 was iln mid-channel about 400 m from either shore) and station 3 was on
the Canadian side about 120 m offshore, adjacent to the Canada Fock Balt
Cos: Ltd. Ojibway Mine. Water depth at all stations was 9.0 m.



I

Figs A=7. Transect VI crossed all of the three shipping channels in the
lower Detroit River. Station 1 was in the Trenton Channel at Blackbuoy
25 and Red Munbuoy 26, 150 m of f the western shoreline and 450 m of f the
Grosse Ile shore; station 2 was on the U.5. side of the river in the
Livingstones Channel at Channel Markers 25 and 26, and about 100 m off
either channel shoreline; and station 3 was on the Canadian side of the
river in the Amherstburg Channel at buoys 77D and R 78D, 100 m off the
U.5: ahoreline and 275 m off the Canadian shoreline. Water depth at all
stations was 8.2 m.



Appandix B

Specifications of tow net system used by Great Lakes Fishery Laboratory staff
for sampling fish larvae in the St. Clair and Detroit Rivers and Lake St.
Clair in 1977=1978.



Construction Details

The 1/4-in galwenized steel towing cable (1) is connected to the center of the
fore-bridle (2) by a 3-in, heavy duty snap swivel (see Figure B-1}. A T=in
thimble is permanantly fixed (with 1/8=-in cable clamps) in the center of the
fore-bridle, which is constructed of 1/B-in galvanized steel cable. The
fore-bridle is attached to the spreader bar (3), constructed of 31/B-in
cold=-rolled steel, by two, 1 1/2-in clevises, which are welded at either end.
Eide cables (4 and 5), also constructed of 1/8-in galwnized steel cable, are
connected to the spreader bar clevises and to clevises located in each corner
of the net frase (6). The net frame is constructed from 3/8-in cold-ralled
steal, heated, bent to form a 53-cm sguare, and closed by welding. NHet frame
corner supports (7) are welded to the frame to increase its stability. The
flow meter sopport brackets (B) are constructed from 1/4-in cold-rolled stoel
and are weldad to the net frame and corner supports; each bracket ls bent at
two 45° angles so that the free end is about 5 cm behind the mouth-plane of the
nets & pair of 1/16-in holes are drilled through the free end of the bracket;
the 1/16-in stainless stesl flow seter cable (9) is then passed through thess
holes. The Flow meter (10) is attached to the flow meter cables with
electrical clamps. The net ring (11) is lashed to the net frasme and corner
supports with nylon cord; the net (12} is lashed to the net ring in the same
manner. The net bucket [(13) is fixed in the cod end of the net with a radiator
hose clamp. The 1/8-in galvwanized steel depressor cables (14) are attached to
the net frame at the corner supports by 1/8=in cable clamps, and to the
depressor plata [15) by a swivel-thimble arrangément permanently fixed to the
center of the cable.

Ganeral Commeants

The above net system will fish satisfactorily at towing speeds up to about 4
knots.

On May 17, 1977, we conducted field tests at station 3 on transect IV to
datermine if the net caught fish larwe as it was lowered to or raised from the
depth stratum selected for sampling. In these tests we lowered the net in the
usual manner to & depth of B m and then immediately retrieved it. We conducted
nine such tests at a tiss when smelt larvae were in peak abundance in the test
area (Appendix E). We caught no smelt larvae during these tests and therefore
concluded that larvae were caught by the net only at the depth strata selected
for sampling.



FIGURE Top view of inoide flow
mgter support

E=2

® 6 reverse & and 7 for
& 7 attachment of outside

EIDE VIEW

1 == Towing cable
3 == Fore=bridle
3 == Bridle spreader bar
4 == Bridle side cables (upper)
5 == Bridle side cables (lower)
6 =-— Het frama
9 == Net framo corner supports
gn = Inside flow moter support bracket
pn - Outside flow meter support bracket
_ g == Flow meter cable
10 =— Flow moter
11 == Nat ring
1z == Wt
33 == Ket bocket
18 == Deprossion plare cables
15 == Depression place



Towing Cable

Dascription:

Buppliear:

Ket Bridle

Dascription:

Supplier:

MAJOR COMPONENTS

1/4=1in galvanized steel cable

Local

Bae Fig. B=1 and Construction Details

Special fabrication by Great Lakes Fishery Laboratory staff

Mot Frams and Spreader Bar

pDescription:

Buppliar:

Flow Metar

Description:

Supplierl:

Het

Description:

Bupplilt‘l

Het Bucket
Depcription:

Supplier:

See Fig. B-1 and Construction Details

Spacial fabrication by Great Lakes Fishery Laboratory staff

Model 2030 digical f[lew matar
Gaparal Oceanics, Inc.

5535 M.W. Tth Avenue
Miami, FL 33127

50=ce cylindar-on-cone plankton net, 355 um Nitex
Ernest H. Case

Box: 45
Andover, WI 07820

Pint Mason jar

Local



B4

Depressor Plate

pescription: 491 aluminum wire depressor

supplier!s wildlife Supply Company
301 Cass Streelt
Saginaw, MI 48602

Het Rin
pescriptions EO-cm net ring
Empplie:‘- Wildlife Supply Company

301 Cass Street
Saginaw, ML 48602

e

Ienis does not constituta an endorsement of the product by the Govermment.



Appandix C

Length Freguency distributions of rainbow smalt, alewife, glzzard shad, yellow
perch, logperch, eserald shiner, carp, and white bass larvae captured in the
St. Clair and Detroit rivers in 1977. Tha blackened portion of ths histogram
denctes larvae observed with yolk; the open portion denotes larvae observed
without yolk. The transition length is defined by the 0,3 ma=-length interval
in the dascending li=b of the catch curve in «<hich the nambar of larvaes with
yolk and those without were most nearly equal. All larvae with yolk that were
shorter than or egual to this length interval were considered "yolk sac
larvae™ [dewnoted in the text as ¥5 larvasl. The larvae without yolk, ahorter
than this lsngth interval, were not considered Y& larvas. All larvae--both
those with and those without yolk--that were longer than this length interval
ware considered "non-yolk sac larvas™ (denoted in the text as NYS larvaae).
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Length frequency distribution of the 1977 catch of rainbow
larvae in the 5t. Clair-Detroit Riwer System.
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. C=2. Length frequency distribution of the 1977 catch of alowife larvae
in the St. Clair-Detroit River System.
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Figs C=3. Length frequency distribution of tha 1277 catch of gizzard shad
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larvas in the 5t. Clair-Detroit River System.
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Fig. ©-5. Length frequancy distribation of the 1979 catch of logperch larvae

in the St. Clair-Detroit River System.
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Figs C=f. Length frequency distribution of the 1377 catch of emarald shiner
larvae in the St. Clair-Detroit River System.
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hppendix D

One way analyses of variance (ANOVAs) measuring the effect of the factors
pericd, transect, station, and depth on the densities of fish larvae in the S5t.
Clair and Detroit rivers. Density of rainbow smelt, alewlfe, gizzard shad,
yellow parch, logperch, emerald shiner, carp, and white baas larvae were
divided into yolk sac (¥5) and non=yolk sac (NYS) categories. For all other
species, no such categories were made. GSee the text for details-
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Appendix E

Density of fish larvas in the 5t. Clair and Detroit rivers, 1977 and 1978, by
transect, station, period, and depth. Density of rainbow smelt, alewife,
gizzard shad, yellow perch, logperch, emerald shiner, carp, and white bass
larvae were divided into yolk sac (¥S5) and non-yolk sac (NYS) categories. For
all other species, no such categories were made. Bee the text for detalls.
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Appandix P

One-way analyses of variance (ANOVAs) and Duncan's k-ratioc t-tests of the
effect of the PERIOCD x TRANSECT interaction on densities of ¥YE and NYS rainbow
smele, alewife, gizzard shad, yellow perch, logperch, e=marald shiner and white
bass; and Y5 carp. An asterisk (*) in the significance column indicates that
the overall AMNOVA was significant ar the P = 0.05 lavel.



Table P=1. ANOVA of the PERIOD x TRAMSECT intaraction and the accompamylng
multiple comparison Duncan's K-ratio, t-test for Y8 smelc, 1977.

Analysis of variance table

Source of Degrees of Sum of Moan F-atatistic Bignificance
variation fraedom Squares SquaTae
Batwean 59 3ao0on.9 G4.422 35.114 .
Within 1401 2570.3 1.8346
Total 1460 6371.2

Duncan's E-ratio t-test. WVertical lines span non=-significant (P > .05) differ-
ences. Only means significantly greater than zero/1000 m? are shown.-

Period Tranasct Mean (in of the [density *1]/1000 m¥)
Hay 9-11 Vi 5,78
May 2-4 Vi 5.46 ‘
May 16-18 1z 4.89
Hay 9-11 111 4.33
Hay 16-18 v 4.29
Hay 23-2%5 v 3.94
May 16-18 1 3.73
Hay 2-11 v 341
May 16-18 111 3.40
May 9=11 34 3.28
May 16=18 VI 1.26
May 23-25 1 Z.88
May 23-25 44 2.79
Hay 31-June 2 bl 2.54
May 3i=-June 2 4 2.05
Hay §=11 I 2.08
May 16=-18 v 1.90
May 31-June 2 Iz 1.77
May 23=2% 111 1.53
June &-8 1z 1.23
June 6=-8 I 1.12
June &-8 nw «39
Juna 6-8 III N
May 23-2%5 VI B2

May 31=June 2 111 72




Table F-2. ARNGVA of the FERIOD x TRANSECT interaction and the accompanying

multiple comparison Duncan's E-ratio, t-test for ¥5 smelt, 1978.
Analysis of variance table

Baurce af Degreas of Bum of Maan F-statistic Significance

variation freados BuArEs sguare

Ba bwean 58 5093.8 B7.825 50.283 .

Within 927 1619.1 1. 7466

Total 985 6713.0

Dancan’s K-ratlo t-test.
tmly seans significantly greater than zero/1000 m3 are shown.

Vertical lines span non-significant (P > .05) differ-

ancess

_ Period Transect  Mean (ln of the [density *1]/1000 =*)
May 30-31 11 7.88 I
May 24-25 ™ 7-41
May 24-25 11 7.00 ‘
may 30-31 ™ £.83
Jume 56 ™ 5.65
May 15-16 VI 5.42
June 5=6 II 5.12
May 30-31 VI T 4.82
June 12-13 VI 4.76
May 24-25 VI 4.69
June 56 VIII 4.33
June 5-6 VI 4.25
May 30-31 virn 4.08
May 30-31 v 3.1
June 12-13 o 2.83
May 30-31 vI1 2.82
June 12-13 ™ 2.50
May 15-16 VIII 2:48
June 12-13 vit 2.38
June 5-6 v 2.21
June 5-6 VII 2.13
June 12-13 v 1.68
May 24-25 viz 1.37
May 24-25 VIII 1.26
June 19-20 VI 1.11




Table F=3. ANONA of the PERIOD x TRANSECT interaction and the accompanying
sultiple comparison Duncan's K-ratio, t-test for NYS smelt, 1977.
Analvsis of variance table
Sgurce of Degreas of Bum of Maan F-statlstic Bignificance
variation freedom squares Bguare
Betwean 59 1664.2 28.208 12.6835 -
Within 1401 2856.4 2.038%
Total 1460 4520.7
pancan's K-ratlo t-test. Vertical lines span non-significant (P > .05) differ-

Lat=L ol

only mesns significantly greater than zero/1000 m3 are shown.

Period

May 16-18

May 23=-25
May 31=June 2
June &-8

May 31-June 2
May 3i-June 2
May 23-May 25
May 16-18
May 31-June 2
June &-8
June 20=22
June &-8
June &-8

June 20-22
Juno 20-22
June 1315
May 371=-June 2
Juna 13=15
May 16-18
June 6=8

May 23-25

May 23-15
May 16=18
May 16-18
Juna 6-8
June 13-15

""E:”"E”EE:EE”E‘EH“"‘E“Eﬁ&E

Transect

Mean {ln of the [density +11/1000 m3)

.81
.80
3.54
1.40
3.20
2:39
2.32
2.24
2.08
1.89
1.81
1.76
1.70
1.63
1:55
1.27
1.26
1.12
1.08
1.08
1.08
1:05
1.02
1.01

99

<61




Table F-4. ANONA of the PERIOD x TRANSECT interaction and the accompanying
multiple comparison Duncan's ¥-ratio, t-test for NYS smelt, 1978.

Analysis of variance table

Bource af Degreas of Sum of Maan F-statistic Bignificance
wvariation freadom Suares Bguare
Betwean 58 3600.7 62.081 34.443 bl
Within 927 1670.9 1.8024
Total 985 5271.6

Duacan's K-ratio t-test. WVertical lines span non-significant (P » .05) differ-
ences: Only means significantly greater than zero/1000 1313 aro shown.

Fericd Transect Mean (1n of the [density *11/1000 =3}
May 10-31 Vi 6.52
May 20-31 vIII 6.51
Juna 5-& Vi 6.25
Juna 5=6 ViiI 5.81 ]
June 12-13 VI 5.42 |
June 5-6 v 4.62
May 10-31 v 4.61 ‘
June 19-20 vi 4.06
May 310-31 Vil 3.87
June 5-6 Vil 3.57
June 12=-13 v 3.39
May 30-31 v 3.10
June 12=-13 Vil 2.88 l
Juna 13-20 VIII 2.84
May 30-31 1I 2.41
May 24-25 w 1.36
May 24-25 vill 1.35
May 24-25 Vi 1.18
June 12=-13 II 1.01

June 12-13 w 92




Table F=5. ANOVA of the PERIOD x TRANSECT interaction and the accompanying

multiple comparison Duncan's K-ratio, t-test for ¥5 alewife, 1977.
Analysis of variance table

Source of Degraas of Sum of Mean F-sratistic Significance

variation freedon squares square

Between 35 1870.7 53.448 35.478 .

Witnin B43 1270.0 1.5065

Total 878 3140.6

Duncan's F-ratio t-test.

Vaertical lines span non-significant (P ¢ .05) differ-

Only means significantly greater than rero/1000 m? are shown.

ancess

Period Transect Mean {ln of the [density *11/1000 =d)
July 25-27 v 5.56 ‘
July 25=-27 III 5.05
July 25-27 1 4.29 I
July 25=27 I1 4.00
July 18-20 11 2.15 I
July 5-7 11 1.70
July 18=20 v 1.53
Rugust B-10 ) 1.48
July 57 1 1.06
July 5=7 v 0.9
Juna 20-22 Vi D.82
July 5=7 Vi 0.82
July 5=7 111 0.73
August B=10 1 0.72




Table F-6. ANOVA of the PERIOD x TRANSECT interactlion and the accompanying
multiple comparison Duncan's E-ratio, t-test for YS alewife, 197E.

Analysis of variance table

Bource of Degress of Sum of Maan F-statistie Significance
variation freadom BCATEE square
Botwean 76 2021.2 26,5504 18.220 .
Within 1221 1782.2 1.4596
Total 1297 3803.3

Duncan's ¥-ratio t-test. WVartical lines span non-significant (P »> .05) differ-
ences. Only means significantly groater than zero/1000 m? are shown.

Period Trangeck Mean (ln of the [density *+1]/1000 -E]
July 171-18 ™ 5.52
July 17-18 1 4.66 I
July 24-25 ™ 4,25 |
July 24-25% 11 3.85
June 19-20 vii: 31.17 ’
June 27-28 v 3.13
Fuly 5-6 VII 2.76
July 10-11 11 2.63
June 27-28 vIII 2.40
June 19-20 v 2:31
July 31=-August 1 1w 2.10
June 19-20 wII 2.08
July 5-6 v 1.97
July 5-6 jut 1.82
June 27-28 viI 1.67
May 30-31 Vi 161
Ruqust 7-8 Iz 1.49
Juna 27=28 vI 1436
Jure 12-13 ¥ 1.25
Jaly 5-6 Vi 1.09
Tuly 5-6 vz 1.07

Aigust 7=8 n -39




Table F-7. ANOVA of the PERIOD x TRAMSECT interaction and the accompanying

sultiple comparison Duncan's K-ratio, t-test for HYS alewife, 1977.
Analyeis of variance table

Bource of Dagrees of Bum of Hean F-atatistic Significance

wvartation freadom BUATEE Guare

Batween 35 1258.9 35.970 10,438 .

Within B43 2904.7 3.44357

Total B78 4163.7

Duncan's X-ratio t-test.
Only means significantly greater than zero/1000 md ars shown.

Vertical lines span pan-significant (P > .05) differ-

ancai-

Period Transect Mean [1n of the [density *+1]/1000 m3)
July 25=27 I11 3,92
July 25=-27 nw 3.88
July 18-20 v 3.52
July 25-27 11 3.30
July 5-7 VI 3.15
July 18-20 Vi 3.12
Auguat H=10 w 3«12
July 25-27 Vi j.08
June 20=-22 VI 3.06
July 25-27 v 2.73
July 25=27 I 2.67
July 5=7 v 2.43
July 5=7 11 2.28
June 27-29 v 224
July 18=20 I 214
July 18-20 I 2.09
July 5=-7 I1I 1.28
Ruguast B-10 1 1.86
July 5=7 w 1.78
July 18-20 II 1.70
July 165-20 111 1.30
August B-10 11T 1.23
June 2T=29 Vi 1.22
Auguest B=10 I1 1.22
July 5=7 1 112




Table F-8. ASWL of the PERIOD k THARSECT interactinn and the sconsparying
aultiple compariecn Dimean's K-ratio, t=tect for WYS alewife, 1978.

Analymie of vgimi wahle

Bource of Degraas af Son of Mear F=atatistic Bigrificance
wariation Ereedom AT E EuATe
Do Uiy % 5763.7 Té: 101 30: 158 Ll
HWithim 12 Adet.0 2.5234

Total |7 BEE4.T

Duncan's K-ratic t-tast. Vortical linew span mon-significamt (P » .05) differ=-
ancel: Only sesns significantly grester than sero 1040 2} are shown.

Period Trannect Maan {in of the [densizy *1]/1000 =3}
July S=& vi .46
Joly 5-6 Vil 6.76
duly &6 Vil 666
duly 5=6 v G0
June 19-10 viil S.31
Migust T-8 w 5.29
Augast T-8 T 5.00
June 27=28 v 4.84
ey ¥4=38 w 466
Jdeae 27-28 W11l £.62
July 17=18 v 4:57
July 17=-18 o L-40
July 10=11 VIl 440
Jaly 17=18 vIiz 4,27
July 24=25 i d:22
July 24=25 Vil 422
July 17-18 v 4:17
July 16=11 vili 4.6
July J=Rugust 1 m 4:15
June 27-I8 Vil 3,95
July 17=18 vii 304
July 3'1=August 1 11 3m
July IM=Avquet 1 VI 375
July 10=11 ¥I 372
July 24-2% VIIT T 363
June 27-28 ¥i b1
Junw 19=20 VI Jod9
July ¥V7=18 Ir 338
July 10=11 v 337
~uly F4=25 v 3.02
July 24=-25 11 2,71
June 19=20 v 241
fuguat 14=15 ¥ 233
June 19=20 VIl 215
Buguct T=i v 1.80
July 10=11 11 182
duly }i=hugiat 1 VIl 1:74
Aogust 14-15 W 183
Riagnirt 14=14 ¥I111 1.42
Miquat T-0 Vil Tk
T ] T=8 ¥l N+23
July L~ 1 .18

dhily 3t=huspeer 1 v 100




Table F-%. ANOVA of the PERIOD x TRAMEECT interaction and the accompanying
multiple comparison Duncan's ¥-ratio, t-test for Y5 glzzard shad,

1977.
Analysis of variance table
Source of Dagrees of Bum of HMean F-statistic Bignificance
variation freedom BUATES Bgquare
Between 49 B38.14 204443 4.2 -
Within 987 1411.9 1.4305
Total 1028 2250.0

Duncan's ¥-ratio t=-test. WYertical lines span non-significant (F» .05) differ-
ences. Only means significantly greater than zera/1000 rd are shown.

Pariod Transect Mean (in of the [density *1]/1000 m3)
June 20-12 VI 3.53
June 13-15 VI 2:72
Juna 20=22 v .71
July 5=7 Vi 2.14
June 27=-29 VI 2.03
June &-B v 1.86
May 31=-June 2 VI 1.81
May Ji-June 2 v 1.36
June 2Z7-29 v 1.14
June 13=15 v 75




Table F=10. ANOVA of the PERIOD x TRANSECT interaction and the accompanyling
multiple comparison Duncan®s K-ratio, t-teat for Y5 glzzard shad,

1976
Analyais of variance table
Source of Degreas of S5um of Mean F-statistic Significanca
variation fresdom BqUAres square
Batweean 2] 2091.6 a2.682 22.034 -
Wiehin 1025 1153.8 1.1256
Total 1062 3245 .4

Duncan's E-ratis t-test. Vertical lines span non-significant (P > .05) differ—
ences. oOnly means mignificantly greater than cero/1000 m? are shown,

Period Transect maan (1n of the [densiry *11/1000 =%)

June 19=20 VIt 6.76

June 19-20 Vi Badd |
June 27-728 Vi 5.81

Juna 12-13 vi 3.58 |
June 27-28 v 3.34 |
June 2728 vIID 2.86

May 30=-31 VI 2.28

July 5-8 vi 2.16

June 27-28 viI 1.75

July 5-& v 1.70

July 10=11 VI 1.50
July 56 wII 1.48

June 5=-6 L' 8 1.46

June 19-20 v 1.39

June 13-20 VIt 1.28
July 56 vIIL 1.25

June 5-6 vIiIil 1.8




pable P=11. AMOVA of the FERIOD x TRANSECT interaction and the acoompanying
pultiple comparison Duncan's K-ratio, t-test for KYS
gizzard shad, 1977.

Analysis of wvariance table

Source of Degroes of Sum of Mean F-statistic Significance
variation freedom squares sQuare
Batweon an 1666.5 40.648 21.525 .
within 9aT 1863.8 1.68B4
Total 1028 3530.4

puncan's K-ratio t-test. WVertical lines span non-significant (P > ,05) differ-
ences. Only means significantly greater than zeco/1000 el are shown.

Pariod Transect Mean (ln of the [density +11/1000 m3}
July 5-7 Vi 4.92
May 31-June 2 Vi 3.24
June &6-8 v 2.89
June 27-29 VI 2.
June 27=-29 v .68
June &5-8 Vi 2.61
June 20-22 v 2,55
June 6-B v 2.36
June 20-22 VI 2.33
July 5-7 Y 2.32
May 31-June 2 v 2.08
June 13=15 Vi 1.59




Table F=12. ANOVA of the PERIOD x TRANSECT interaction and the accompanying
multiple cosparison Duncan's K-ratio, t-test for NYS gizrard shad,
1978,

_hnalysis of variance tahle

Source of Degrees of Sum of Maan F-statistic Significanca

variation freedom squares square

Bstween 64 1462.3 11.848 15.6684 .

Within 1025 1493.2 1.4568

Total 1089 2955.5

Duncan's K-ratio t-test.
ances.

Vertical lines span non-significant (P » .05) differ=-
Only =eans significantly greater than zero/1000 =3 are shown.

Period Transect
July 5-6 VI
July 5-6 VIII
July 5-6 v
June 19=-20 VvIII
July 5=6 Vii
July 17=18 VI
July 31=-August 1 Vi
July 24-25 v
July 31=-hugust 1 VIi:
July 17=18 v
July 10=-11 v
July 24-25 VI
July 31=Rugust 1 v
July 17=18 VIII
May 30-31 VI
July 17-18 VII

Mean [in of the [density *1]/1000 m3)

5.29
4.31
413
3.315
2.83
.58
1.786
1.71
152
T
124
1.22
1.88
1.08

95

91




Table F-131. ANOVA of the PERIOD x TRANSECT interaction and the accompanying
multiple comparison Duncan's K-ratio, t-test for ¥5 yellow perch,

1977,
Analysis of variance table
Spurce of Degrees of Sum of Haan F-ptatistic Bignificance
variation freedom sguares Bguare
Between 65 £98.82 10.751 11.3%6 -
Within 1542 1454.8 «34345
Total 1607 2153.6

Duncan's X-ratio t-test. WVartical lines span non-significant (P > .05) differ-
ences. Only means significantly grester than zerc/1000 m3 are shown.

Period Transect Mean (ln of the [density *11/71000 mi]
May 2-11 v 3.27 |
May =11 Vi 2.85
Jume 6-8 11 2.28 |
June G-8 I 1:96
June 6-8 I 1.22
June 1315 11 1.06
Hay 2-4 v <95
May 16-18 Vi .94
Juna 13-15 I <29
June 13=135 ™ 86
May 31=June 2 11 «66
June 6-8 111 64
May 2-4 vi .58




Table F-14. ANOVA of the PERIOD x TRANSECT interactlion and the accompanying
moltiple comparison Duncan's K-ratio, t-test for Y5 yellow perch,

1978.
Analysis of wvariance table
Bource of Degreas of Sum of Haan F-statistic Bignificance
variation freados BUATEE square
Betuwen 64 407,39 6.3854 11,523 .
Within 1025 566.20 0.5523%
Total 1089 973.59

puncan's ¥-ratio t=test. WVertical lines span non-significant (P > .05) differ~
encas. Only means significantly greater than zerc/1000 md are shown.

Pericd Transect Mean (1n of the [demsity *1]/1000 =3}
May 24-25 Vi 2.7%
May 15=16 v 2.27
May 24-25 vIII 2.23 i
May 24-25 v 1.96
Hay 15-16& viil 1.42 |
May 24-325 vii 1.17
May 15-16 vI +B6

May 15=16 VII «T0




Table F=15.

ANOVA of the PERIOD x THAMSECT interaction and the accompanying
pultiple comparison Duncan's X-ratio, t-test for WYS yellow perch,

1977.
Analysis of variance table
Source of Degrees of Sum of Mean F-gratistic Significance
variation freedom SguUaTES square
Hetwean 65 1323.7 20.365 18.957 b
Within 1542 1656.5 1.0743
Total 1607 2980.2

Duncan's K-ratioc t-test.
ences. Only means significantly greater than zera/1000 m? are shown.

Vertical lines span non=significant (P » .05) differ-

Period

May =11

May 16-18
May 9-11

Mmay 16-18
May 23-25
May 23=-25
May 31=Juna 2
June &=8
Juna &-8
June &6-8
June 13-15
June 13=15
June 13=-15
May 31=June 2

Transect

egpHygIgegegs

Mean [In of the [density *1]/1000 w3}

3.93
3.90
3.21
2.93
2.57
T+44
1.25
1.21
1«11
1.07
1.02

.-l

q:13

B4




Table F-16:. ANOVA of the PERIOD x TRANSECT interaction and the accompanying
sultiple comparison Duncan's E-ratio, t=test for NYS vellow perch;
1978.

Analysis of variance table

Source of Degrees of Bum of Hean F-atatistic Significance

wvariation freadom BguAres Bouare

Batween 64 944.56 14.759 29,576 .

Within 1mas 511.48 49201

Total 1089 1456.0

Duncan's K-ratio t-test.

Vertical lines span non-significant (P » .05) differ-
ences. Only means significantly greater than zero/1000 = are shown.

Pariod

24=25
24-325
24-25
24=25
g-n
30=-31

Kay
May
May

Transect Mean (ln of the [density *11/1000 m3)
VI 4.38
¥ViII ds 14
v 3.15
Vil 3.09 |
v 136
ViiI 78




Tabla F-17.

ANOVA of the PERIOD x TRANSECT interactiocn and the accempanying
multiple comparison Duncan's XK-ratio, t-test for ¥5 logperch,

1977.
Analysis of variance table
Source of Degrees of Sum of Maan F-statistic Bignificance
variation freedon BQUATOS sguare
Ba twaan ™ 1351.3 19.033 10.458 .
Within 1685 066.7 182
Total 1756 4418.0

Duncan's K-ra
L0 T=0 -1 5%

tio t-tost.

Vertical lines span non-significant (F » .05) differ-
Only means significantly greater than zero/1000 md are shown.

Period

Juna &-8
June &6-8
June 6-8

May 16-18
June 6=-8

May 31=June 2
June 20=-22
May 31=June 2
May 9=-11

July 5=7
June 13-15
June 20-22
June &-8
June 27=29
June 13-15
May 23-25
June 13=15
July 18=20
June 13=15
June 13=-15
July 5-7

May 31-June 2
July 5=7
June 20=-22
July 5-=7

May 31=-June 2

Transect Mean (ln of the [density *11/1000 m3)

i1
1
Iv
Vi
111
1I

VI
1
Vi
w
i1
II
Vi
VI
111
Vi
w
w
I
Vi
Vi
w
11
111
II1
I11

3.54
3.39
2.75
2.45
2.36
2,12
217
2.11
2:086
1.33
1.77
1.51
1.47
1.45
1.40
1.39
1.20
1.19
1.18
1.09
1.08
1.03

49

-1

22

«BE

|




Table F-18. AMOVA of the PERIOD x THANSECT interaction and the accompanying
multiple comparison Duncan's E-ratio, t-test for ¥5
logperch, 1978.

Analysis of variance tahle

Source of Degrees of Bam of Maan F=-statistic Significance
wvariation fraedom sjuaras sguarae
Batwean 70 T30.B3 10.440 B.5955 b
Within 1122 1362.8 1«2748
Total 1192 2093.6

Duncan's E-ratio t=-test. Vertical lines span non-significant (F > .05) differ-
ances: (mly means significantly greater than zero/ 1000 a? are shown.

Period Transect  Mean (ln of the [density *11/1000 m3)
Hay 24-25 VI 4.46
May 30-31 VI 2.85
May 24-2% VIII 2.53
June 12=13 II 2:51
June 5-8 vI 1.40
June 19=20 Vi 1.23
Juzie 12-13 v 1.06
July 10=11 VI 1,05
July 24-25 11 1.01
July 5= II .95
Jume 19=20 II «95

June 12-13 v «Bd




Table F=-19. ANOVA of the PERIOD x TRANSECT interaction and the accompanylng
multiple comparison Duncan's E-ratio, t-test for RYS logperch,

1977.
Analysis of varisnce table
Source of Degrees of Sum of Mean F-statistic Significance
variation freedom BQuUATES SuATE
Batweaon m 202.78 12874 10.535 =
Within 16835 2049.5 12163
Total 1756 2959.2

Duncan's ¥-ratio t=test. Vertical lines span non-significant (P » .05]) differ-
ences. Only means significantly greater than zerc/1000 m3 are shown.

Period Transect Mean [ln of the [density *1]1/1000 m3)
Juna &6-8 vi 2.9
June 6=-8 v 2.598
May 11=June 2 v 2.45
Jure 13-15 VI 2.08 ”
July 18-20 VI 1.90
June 27=29 v 1.52
June 20-22 vl 1.43
July 25-27 ¥ 1.41
July 5-7 v 1.40
July 18=20 v 1.20
May 31-June 2 VI 1.19
June 20-22 L 1.16
June 27-29 VI 1.11
May 371=June 2 111 1.03
July 5=7 Vi 1.00
May 16=18 Vi «98
June &6-8 w 90
July 25-27 VL .85
June 6-8 11 81
Juna &-8 I «B0
Juna &-8 IIT « 73
Hay 11-June 2 IT 71
June 131=15 v =70
May 311-June 2 w «68




Table F-20. ANOVA of the FERIOD x TRANSECT interaction and the accompanying
multiple comparison Duncan's E-ratio, t-test for WYE logperch,

1876
Analysis of variance table
Source of Degraes of Bum of Haan F-statistic Significance
variation freedom BJuares sguare
Batwean 70 525.26 75037 6.7425 .
Within 1122 1248.7 1.1129
Total 1192 1773.9

Duncan's E-ratio t=-test. WVertical lines span non-significant (P » .05) differ=-
ences. Only means significantly greater than zero/1000 m? are shown.

Peariod Tramsect Mean (1n of the [densiey *+1)/1000 md)
June 12=13 Vi 3. 17
May 24-25 Vi 3.08
June 27=28 v 2:34
June 12=13 viI 2217
June 12=-13 v 1.79
June 19=20 Vi 177
June 27=28 VIII 1.58
June 27-28 vi 144
June 19=20 ViIl T1.41
June 27=28 Vi 1.35
June 12=13 11 1.08&
June 19=20 v 1.01
July 24-25 VIt 1.00
July 31-Auguat 1 i .97
May 24-35 vIIl .92
June 19=20 Vil =30




Table F-21. ANONA of the FERIOD x TRANSECT interacticon and the accompamying
multiple comparison Duncan's K-ratio, t-test for Y85 emerald
shiner, 1977.

Analysis of variance table

Spurce of Degrees of Bum of Maan F=statistic Slgnificance

wvariation fresdom SUATEE BgUAT®

Batwean 59 212.78 3.6064 G.PEL4 "

Within 1417 733.56 51769

Total 1476 946.34

Duncan's K-ratio t-test.
ences. Only means significantly greater than zero/1000 m? are shown.

Vertical lines span non-significant [P » .05) differ-

Period

July 18-=20
June 13=15
July 25-27
June &-8

July 25-27
Juna 20-22
June 6-8

Transect

Mean (ln of the [density *1]/1000 =3)

“sH8s<s

2.22
166
«73
&3
54
47
w42




Table F=22. ANOVA of the PERIOD x TRANSECT interaction and the accompanying
multiple comparison Duncan's F-ratio, t-test for Y& emerald
shiner. 1978.

Analysis of variance table

Source of Degrees of Sum of Haan P=statistic Eignificance
variation freadom suUATaS square
Betwesn 55 BE6.32 14.683 13.180 &
Within 961 1070.6 1. 1140
Total 1020 1936.9

Duncan's K-ratlo t-test. Vertical lines span non-significant (P > .05) differ-
snces. Only means significantly greater than zaro/1000 =? are shown.

Pariod Transect Mean (1n of the [density *1]/1000 m3)
July 5-6 Vi 1.97
July 5=-6 v 3.28
July 3=August 1 VIII 3.15
July 5=6 Vil 2.99
July 56 VIII 2.80
July It=-August 1 Vil 1.58 l
July 31=Auguat 1 Il 1.08
June 27-28 Vi B0 ’

July 31=hugust 1 Vi 17




Table F=23. ANOVA of the FERIOD x TRANMSBECT interaction and the accompanyling
multiple comparison Duncan's K-ratlo, t-test for NYS emerald
shiner, 1977.

Analyeis of variance table

Source of Degrees of Sum of Mean F-statistic Significance
wvariation freadom squATes sguare
Batwean 59 227.96 3.8638 B.3158 s
Within 1417 BE6.B8 HB11T7

Total 1476 10594.8

Duncan's K-ratio t-test. Vertical lines span non-significant (P > .05) differ-
ances. Only means significantly greater than zero/ 1000 md are shown.

Pariod Transact Mean {1n of the [density *11/1000 =3)

July 25-27 Vi 2.05

June G=8 Vi 1.44 |

Auguat B=10 v 1.12

July 25=27 v T

July 18-20 VI 83

July 25=-27 11 B0 |

June 27-2% v +51




Table F-24. ANOVA of the PERIOD x TRANSECT interaction and the accompanying
multiple comparison Duncan's K-ratio, t-test for NYS emerald
shiner, 1978.

Analysia of variance table

Bource of Degraes of Bum of Moan F-statistic Eignificance
variation freedom BqUATes square
Between 59 1041.5 17.653 13.451 .
Within 951 1261.2 1.3124
Total 1020 2302.7

Duncan's F-ratioc t-test. Vertical lines span non-significant (P 3> .05) differ-
gnces. Only means significantly greater than zerg/1000 m? are shown.

Period Transect Mean (ln of the [density #11/1000 m3)
July 5-& vI 4.29 |
July 5-6 viil 1.64 |
July 24-25 VII 1.03
July 24-25 viIl 2.80
July 24-25 v .69
July 24-25 VI 2.57
July 5-6 VII 1.717
July 31=August 1 Vil 1.76
July 5-6 v 1.59
July 17=18 ViIl 1.15

July 17=-18 vi 1.09




Tabla F=25. ANOVA of the PERICD x TRANSECT interaction and the accompanying
miltiple comparison Duncan's ¥-ratio, t-test for Y5 carp, 1977.

Analysis of varisnce table

Source of Degraes of Bum of Mean F-statistic Significance
variation freedos BOUATES squara
Batwean a1 470.78 11.482 12.263 b
Within am 918.59 «33638
Total 1022 1389.4

Duncan's K-ratio t-test. WVertical lines span non=-significant (P » .05) differ-
ences. Only means significantly greater than zero/1000 m3 are shown.

Period Transect  Mean (1n of the [density *1]/1000 23
May 23-25 Vi 2.67
June 20-232 vr 2.53
May 31-June 2 VI 1.98 |
June 27-29 V1 1.95
July 5=7 w 1.02
May 3i=June 2 111 .98
June 27-28 v 89
July 5-7 Vi .79

June 13-15 VI «65




Table F-26. AROVA of the PERIOD x TRAMEECT interaction and the accompanying
meltiple comparison Duncan's K-ratio, t-test for Y5 carp, 1978.

Analysis of variance table

Source of Degreas of Sum of Mean F-statistic Significance
wvariation freedom sjuares Sguare
Batwean 52 108.27 2.0820 4.7013 .
Within 830 36758 «A4286

Total aB2 475.84

puncan's F-ratio t-test. WVertical lines span non-significant (P » .05) differ=
ances. Only means significantly greater than zero/1000 m? are shown.

Periocd Transect Mean (1n of the [density *1]/1000 =3}
July 10=11 v 1.29 |
June 12-13 v 1.24
June 19-20 VI $.22
July 10=11 Vi 1415 |
July 10=-11 Vil .13

July 10=11 Viii « 79




Table F=27. AROVA of the PERIOD x TRANSECT interaction and the accompanying
multiple comparison Duncan's K-ratio, t-test for YE white baas,

1977.
Analysis of variance table
Source of Degreea of Sum of Maan F-statistic Significance
variation freadom FuAres SquaATe
Batwaan 41 284.41 6.9367 12.0%4 ol
Within 981 562.66 «57356
Total 1022 B847.07

puncan's K-ratio t-test. Vertical lines span non-aignificant (P > .05) differ-
ences. Omly means significantly greater than zero/1000 m? are shown.

Pericd Transoct Mean (ln of the [density *1]/1000 =3}
June 13=15 VI 2.18
June 20-22 Vi 2.10
Hay 23-25 v 1.93
May 31-June 2 vI .51 I

June 27=29 Vi 42




Table F=28. ANOVA of the PERIOD x TRAMBECT interaction and the accompanying
multiple comparison Duncan's K-ratio, t-test for ¥5 white basa,
1978.

Analysis of variance table

Source of Degreas of Sum of Mean F=atatistic Significance

variation freedom squares square

Betweon a6 131.78 2.B631 7.8151 L

Within kER 267.99 « 36661

Total 177 398.79

Duncan's K-ratio t-tesat.

vertical lines span non-significant (P » .05) differ-
tmly means significantly greater than zero/1000 gd are shown.

EACAS.
Period Transect Moan (ln of the [density *11/1000 m3}
May 30-31 VI .03
Juné S5=& Vi 136
June 19-20 VIII 1.34




Table F-29. ANOVA of the PERIOD x TRANSECT interaction and the accompanying
multiple comparison Duncan's K-ratio, t-test for NYE white bass,
1977.

Analysis of variance table

Source of Degrees of Sum of Maan F=-statistiec Significance

wvariation freedom BQUATUS sguara

Batwaar 41 27.062 «BE0DE 4.4639 =

Within 981 145.05 « 14786

Total 022 172.12

Duncan's K-ratio t-test.
BnCnE.

Verctical lines span non-significant {F ? .03) differ~
Only means significantly greatar than zerc/1000 md are shown.

Period Transect  Mean (ln of the [density *11/1000 m3)
June 6-B v B2
June &-8 VI 67




Appendix G

Average total length (mm) of rainbow smelt, alewife, gizzard shad, yellow perch,
legperch, emerald shiner, carp, and white bass captured in the St. Clair and
petroit rivers, 1977 and 1978, by transect, station, period, and depth.
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